ABSTRACT
INTRODUCTION
Lignocellulosic biomass such as wood, grass and agriculture residue have been reported as an attractive material for bioethanol production due to their abundance in nature and low cost [1, 2] . In the production of bioethanol, pretreatment of lignocellulosic biomass is essential since this process can remove lignin and reduce the crystallinity of cellulose. As a result, hydrolysis of cellulose would be improved. There have been many pretreatment methods, among which weak acidic hydrolysis has been widely used because of low cost and high efficiency for lignin and hemicellulose removal [3, 4] . However, diluted acid pretreatment generates toxic compounds, such as weak acids, furans and phenolics, which strongly inhibit the biological reactions of yeast during the ethanol fermentation [5] . Among the
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toxic compounds, acetic acid affects the cellular physiology by changing the function of biological membranes [3, 6] . In recent years, the immobilization of yeast has been evaluated as potential solution for protecting the yeast against unfavorable conditions and improving the rate of fermentation [7, 8] . For yeast immobilization, leaf sheath pieces was proved as appropriate support due to its high porosity for cell adsorption [9] .
Kluyvermyces marxianus is considered as potential yeast species in ethanol industry because of its thermo-tolerance and ability to ferment both hexose and pentose [10, 11] . It was reported that immobilization of K. marxianus cells on cellulosic support improved fermentation performance of this yeast [9] . However, the tolerance of the fixed yeast against toxic compounds from the acidic pretreatment of lignocellulosic biomass has not been reported. The objective of this study was to evaluate the effect of acetic acid on the growth, glucose assimilation and ethanol fermentation by the immobilized yeast K. marxianus on Nypa fruticans leaf sheath pieces. The unsaturation degree of fatty acid of cellular membrane was also examined to provide a clearer understanding about the response of the immobilized and free yeast under acetate stress.
MATERIALS AND METHODS
Yeast
Kluyveromyces marxianus used in this study was originated from the culture collection 
Media
The medium for inoculum preparation contained glucose (40g/L), yeast extract (5g/L), 
Support
Nypa fruticans leaf sheath was collected from a farm in District 2, Ho Chi Minh City.
After harvesting, Nypa fruticans leaf sheath was washed with potable water, cut into pieces 3 × 3 × 0.5 cm, and sterilized at 121 o C, 1 atm for 20 min before use. 
Yeast immobilization
Glucose concentration
Glucose concentration was determined by spectrophotometric method, using 3,5 -dinitrosalicylic acid (DNS) reagent. Glucose concentration was expressed in g/L [12].
Ethanol concentration
Ethanol concentration was determined by high performance liquid chromatography (Shimazu, Japan) using Sugar SH101 column (8m ID x 300 mm). 30 µL of the sample filtered through 0.22 µm cellulose acetate membrane (Millipore, Milford, MA) was pumped to the column operated at 75°C. The samples were eluted with 0.01 M sulfuric acid at a flow rate of 1 mL/min. The eluting compounds were detected by refractive index detector (RID-10A). 
Fatty acid composition of yeast cell membrane
Calculation formulas
Yeast growth rate:
(cfu/mL.h) (1)
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Glucose consumption rate:
Ethanol formation rate:
Glucose utilization efficiency:
: Fermentation time during which the cell density in the culture achieved maximum 
Statistical analysis
All experiments were triplicated. The results are expressed as means ± standard deviations. Mean values was considered significantly different when P<0.05. Analysis of variance was performed with Stagraphic Centurion software.
RESULTS AND DISCUSSION
Effect of acetic acid on yeast growth
Yeast growth was evaluated by maximum cell density and growth rate during the ethanol fermentation ( Table 1 Table 2 shows that the ratio of undissociated form of acetic acid in the media varied from 86.50 % to 96.13%. In order to maintain a proper pH gradient inside the cell, the extra protons must Table 3 Glucose uptake rate (g/L.h) Values with different letters in the same row are significantly different (p<0.05) The response of yeast to environmental stress was reported by changing their fatty acid composition [19, 20] . In order to clarify the effect of acetic acid on the substrate assimilation rate of the immobilized and free yeast during ethanol fermentation, the fatty acid composition of yeast cell membrane was determined (Fig. 1) . It can be noted that in medium with 6g/L acetic acid, the unsaturated degree of membrane fatty acid of the free yeast at the end of the fermentation was much lower than that at the beginning of the fermentation. Previous study had similar trends.
Effect of acetic acid on substrate assimilation
According to the authors, increase in ethanol stress led to a decrease in unsaturated degree of fatty acid [21] . On the contrary, the unsaturation degree of membrane fatty acid of the immobilized yeast was nearly unchanged during the fermentation.
Reduction in the unsaturated fatty acid degree for the free yeast showed that the free yeast was more sensitive to acetic acid than the fixed yeast. The previous study also noted that more change in unsaturated fatty acid degree for the free K. marxianus cells than the fixed cells on banana leaf sheath pieces under thermal stress [9] . Table 4 Increase in acetic acid level in the medium from 0 to 8g/L reduced the ethanol formation rate by 6.8 and 4.08 times for the fixed and free cells, respectively. At all acetate levels, the ethanol formation rate of the fixed yeast were 1.5 to 2.6 times higher than that of the free yeast. Our results proved that acetic acid inhibited yeast growth, glucose assimilation and ethanol production but the immobilized yeast alwaysshowed better fermentation performance than the free yeast.
Effect of acetic acid on ethanol formation
CONCLUSIONS
Acetic acid inhibited the growth of K. 
